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FUEL-SUPPLY QUANTITY ESTIMATING
APPARATUS AND FUEL INJECTION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on Japanese Patent Application
No. 2007-253355 filed on Sep. 28, 2007, the disclosure of

which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a fuel-supply quantity esti-
mating apparatus which can estimate fuel quantity supplied to
a fuel injector, and a fuel mjection system equipped with the
same.

BACKGROUND OF THE INVENTION

JP-10-220272A (U.S. Pat. No. 6,142,121) shows a fuel
injection system in which a fuel pump supplies fuel to a tuel
injector which injects fuel into a cylinder of an internal com-
bustion engine. This fuel injection system 1s provided with a
tuel pressure sensor. The fuel pressure sensor 1s arranged 1n a
common-rail to detect fuel pressure supplied to the injector.
Each control unit configuring the fuel injection system, such
as the fuel pump, a pressure reducing valve and the like, 1s
teedback controlled so that the detected fuel pressure comes
close to a target fuel pressure.

According to the mventors” knowledge, a fuel-supply
quantity that 1s actually supplied to the fuel injector 1s an
important parameter to control the fuel 1njection system with
high accuracy. For example, an operation command value of
the control unit 1s computed or corrected based on the fuel-
supply quantity, so that each control unit can be accurately
controlled.

Although JP-10-220272A describes the feedback control,
it 1s silent about the above inventors’ knowledge. That 1s,

JP-10-2202772A fails to show a configuration to detect the
tuel-supply quantity.

SUMMARY OF THE INVENTION

The present invention 1s made 1n view of the above matters,
and 1t 1s an object of the present invention to provide a fuel-
supply quantity estimating apparatus which can estimate fuel
quantity supplied to a fuel 1injector, whereby a control accu-
racy of the fuel injection system 1s improved.

According to the present invention, a fuel-supply quantity
estimating apparatus 1s applied to a fuel injection system
including a fuel pump, a fuel ijector, and a fuel pressure
sensor detecting pressure of fuel supplied to the fuel injector.
The fuel-supply quantity estimating apparatus includes: a
wavelorm obtaining means for obtaining a variation wave-
form of the pressure detected by the tuel pressure sensor; and
an estimating means for estimating a quantity of fuel supplied
to the fuel imjector based on a wavelorm of the detected
pressure that 1s greater than a reference value due to a fuel
pumping, in the variation waveform obtained by the wave-
form obtaining means.

The mventors of the present mvention recognizes that a
variation wavetform ol the pressure detected by the fuel sensor
increases with respect to a reference pressure along with a
tuel pumping by the fuel pump. Furthermore, the increasing
quantity corresponds to a fuel-supply quantity. According to
the present invention, the variation wavetorm of the detected
pressure 1s obtained, and the fuel-supply quantity 1s estimated
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based on a waveform (L1, L3 1 FIG. 8) of which detected
pressure 1s greater than the reference pressure (L2, L4 1n FIG.
8, L5 1n FI1G. 9). Therelore, the fuel-supply quantity 1s accu-
rately estimated, whereby the fuel injection can be controlled
with high accuracy.

In a case that a plurality of the fuel 1njectors are provided,

the fuel-supply quantity 1s a total quantity supplied to every
tuel 1injectors.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages ol the present
invention will become more apparent from the following
description made with reference to the accompanying draw-
ings, in which like parts are designated by like reference
numbers and 1n which:

FIG. 1 1s a construction diagram showing an outline of a
fuel 1jection system control apparatus according to a first
embodiment of the present invention;

FIG. 2 1s an internal side view schematically showing an
internal structure of an injector;

FIG. 3 1s a flowchart showing a basic procedure of a fuel
injection control according to the first embodiment;

FI1G. 4 1s a flowchart showing a procedure of a fuel-supply
quantity control according to the first embodiment;

FIG. 5 1s a flowchart showing a procedure of a fuel-supply
quantity estimation according to the first embodiment;

FIG. 6 1s a tlowchart showing a sub-routine of the tflowchart
shown 1n FIG. 5;

FI1G. 7 1s atlowchart showing a sub-routine of the flowchart
shown 1n FIG. 5;

FIGS. 8A to 8E are time charts showing a transition 1n an
inlet pressure detected by a fuel pressure sensor;

FIGS. 9A and 9B are time charts for explaining the inlet
pressure shown 1n FIG. 8D 1n detail;

FIG. 10 1s a flowchart showing a correction operation of a
pump control according to a second embodiment;

FIG. 11 1s a flowchart showing a correction operation of a
pressure reducing valve according to a third embodiment; and

FIGS. 12A to 12F are time charts for explaining an advan-
tage of a sixth embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Heremaiter, embodiments of the present invention will be
described with reference to the drawings. In each embodi-
ment, a controller 1s mounted on a common-rail type fuel
injection system applied to an iternal combustion engine.
The engine 1s a diesel engine. High pressure fuel (for
example, light o1l of 1000 atmospheres or more) 1s directly
injected into a combustion chamber of the diesel engine.

First Embodiment

The outline of the common-rail type fuel injection system
according to this embodiment will be described with refer-
ence to FIG. 1. A multi-cylinder engine (for example, inline
four-cylinder engine) for a four-wheel automobile 1s assumed
as the engine of this embodiment. More specifically, the
engine 1s a four-stoke reciprocal diesel engine. In this engine,
an object cylinder 1s successively distinguished by a cylinder
discrimination sensor (electromagnetic pickup) provided 1n
camshatts of the intake-exhaust valves. That 1s, one combus-
tion cycle including 4 strokes of intake, compression, power,
and exhaust 1s performed in sequence at a cycle o1 “720° CA”
with respect to each of four cylinders #1-#4. The combustion
1s performed 1n the cylinder#1, #3, #4, and #2 1n this series
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with a deviation of 180° CA. The fuel injectors 20 1n the FIG.
1 are provided for cylinders #1, #2, #3, and #4.

The various devices constructing the fuel supply system
include a fuel tank 10, a fuel pump 11, a common-rail 12, and
injectors 20 which are arranged in this order from the
upstream side of tuel flow. The fuel tank 10 and the fuel pump
11 are connected to each other by piping 10a via a fuel filter
1056. The fuel tank 10 1s a tank (container) for storing the fuel
(light o1l) of an engine.

As shown 1 FIG. 1, this system 1s constructed in such a
way that an electronic control unit (ECU) 30 recetves sensor
outputs (detection results) from various sensors and controls
the driving of a fuel supply apparatus, such as imnjectors 20 and
the fuel pump 11, on the basis of these respective sensor
outputs.

The fuel pump 11 includes a high-pressure pump 11a and
a low-pressure pump 115 and 1s constructed 1n such a way that
the fuel suctioned from the fuel tank 10 by the low-pressure
pump 115 1s pressurized and discharged by the high-pressure
pump 1la. The quantity of fuel pressure-fed to the high-

pressure pump 11q, that 1s, the quantity of tuel discharged by
the fuel pump 11 1s controlled by a suction control valve
(SCV) 11c¢ disposed on the fuel suction side of the fuel pump
11. In other words, the driving current of the SCV 11c¢ 1s
adjusted to control the quantity of discharge of the fuel from
the fuel pump 11 to a desired value. The SCV 11c¢ 1s a nor-
mally open valve that 1s opened when the current 1s not
passed.

The low-pressure pump 11a 1s constructed, for example, as
a trochoidal feed pump. The high-pressure pump 11a 1s con-
structed, for example, of a plunger pump and 1s constructed 1n
such a way that a specified number of plungers (for example,
3 plungers) are reciprocated respectively 1n an axial direction
by an eccentric cam (not shown) to pump the fuel in a pres-
suring chamber at specified timing sequentially. Both pumps
are driven by a drive shaft 11d. The drive shait 114 1s rotated
in association with a crankshatt 41 of the engine and 1is
rotated, for example, ataratio of 1/1 or 1/2 with respect to one
rotation of the crankshaift 41. That 1s, the low-pressure pump
115 and the high-pressure pump 11a are driven by the output
of the engine.

The fuel in the tuel tank 10 1s suctioned by the tuel pump 11
via a fuel filter 105 and 1s pressurized and pumped (pressure-
fed) to the common-rail 12 through a piping. The common-
rail 12 stores the fuel 1n a high pressure state, and performs a
tuel distribution to the mjector 20 of each cylinder #1-#4
through the high pressure piping 14 respectively. A fuel
exhaust port 21 of each injector 20 (#1-#4) 1s connected to a
piping 18 for returning excessive fuel to the fuel tank 10.
Moreover, between the common-rail 12 and the high pressure
piping 14, there 1s provided an orifice 12a (fuel pulsation
reducing means) which attenuates pressure pulsation of the
tuel which flows into the high pressure piping 14 from the
common-rail 12.

The common-rail 12 1s provided with a pressure reducing,
valve 12b. When 1t 1s controlled so that the pressure reducing
valve 126 1s opened by the ECU30, a part of fuel 1n the
common-rail 12 is returned to the fuel tank 10 through the
piping 18, Therelore, the fuel pressure 1n the common-rail 12
1s decreased. Alternatively, the injector may perform no-in-
jection operation to reduce the pressure in the common-rail
12 without providing the pressure reducing valve 125. In the
no-injection operation, the solenoid 205 1s energized for a
short period and the fuel 1s returned to the fuel tank 10 through
the fuel discharge port 21 without performing the fuel 1njec-

tion from the injection port 207
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The structure of the mjector 20 will be described 1n detail
with reference to FIG. 2. The above four injectors 20(#1-#4)
have fundamentally same structure. The injector 20 1s an
injector of the oil-pressure drive type using the fuel for com-
bustion (fuel 1n the fuel tank 10), and a driving force for fuel
injection 1s transierred to the valve portion through an o1l
pressure chamber (control chamber) Cd. As shown 1n FIG. 2,
the injector 20 1s a normally-closed valve.

A housing 20e of the 1injector 20 has a fuel inlet 22 through
which the fuel flows from the common-rail 12. A part of the
tuel tflows 1nto the o1l pressure chamber Cd and the other flows
toward the fuel imjection port 20/ through the fuel nlet 22.
The o1l pressure chamber Cd 1s provided with a leak hole 24
which 1s opened/closed by a control valve 23. When the leak
hole 24 1s opened, the fuel 1n the o1l pressure chamber Cd 1s
returned to the fuel tank 10 through the leak hole 24 and a fuel
discharge port 21.

When a solenoid 2056 1s energized, the control valve 23 1s
lifted up to open the leak hole 24. When the solenoid 205 1s
deenergized, the control valve 23 1s lifted down to close the
leak hole 24. According to the energization/deenergization of
the solenoid 205, the pressure 1n the o1l pressure chamber Cd
1s controlled. The pressure in the o1l pressure chamber Cd
corresponds to a back pressure of the needle valve 20c. A
needle valve 20c¢ 1s lifted up or lifted down according to the
pressure 1n the o1l pressure chamber Cd, receiving a biasing,
force from a spring 204. When the needle valve 20c¢ 1s litted
up, the fuel flows through the fuel supply passage 25 and 1s
injected 1nto the combustion chamber through the 1njection
port 207.

The needle valve 20¢1s driven by an ON-OFF control. That
1s, the solenoid 206 receives a pulse signal from the ECU 30
to drive the needle valve 20c. When the solenoid 205 receives
ON signal, the needle valve 20c¢ 1s lifted up to open the
injection port 207. When the solenoid 2056 receives OFF sig-
nal, the needle valve 20c¢ 1s lifted down to close the injection
port 207

The pressure 1n the o1l pressure chamber Cd 1s increased by
supplying the fuel 1n the common-rail 12. On the other hand,
the pressure 1n the o1l pressure chamber Cd 1s decreased by
energizing the solenoid 205 to lift up the control valve 23 so
that the leak hole 24 1s opened. Thereby, the tuel 1n the o1l
pressure chamber Cd 1s returned to the fuel tank 10 through
the piping 18 which connects the injector 20 with the fuel tank
10. That 1s, the fuel pressure 1n the o1l pressure chamber Cd
adjusted by the control valve 23 controls the operation of the
needle valve 20¢ which opens/closes the fuel injection port
207.

As described above, the mnjector 20 1s provided with a
needle valve 20¢ which opens/closes the injector 20. When
the solenoid 206 1s deenergized, the needle valve 20c¢ 1s
moved to a closed-position by a biasing force of the spring
20d. When the solenoid 2056 1s energized, the needle valve 1s
moved to an open-position against the biasing force of the
spring 20d. The lift amount of the needle valve 20¢ 1s sym-
metrically varied 1n opening direction and closing direction.

A Tuel pressure sensor 20q 1s disposed at a vicinity of the
tuel inlet 22. Specifically, the fuel inlet 22 and the high pres-
sure piping 14 are connected with each other by a connector
207 1n which the fuel pressure sensor 20a 1s disposed.

The fuel pressure sensor 20a detects fuel pressure at the
tuel inlet 22 at any time. Specifically, the fuel pressure sensor
20a can detect a varniation pattern of the fuel pressure due to
the fuel injection, a fuel pressure level (stable pressure), a fuel
injection pressure, and the like.

The tuel pressure sensor 20a 1s provided to each of the
injectors 20 (#1-#4). Based on the outputs of the fuel pressure
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sensor 20a, the varation pattern of the fuel pressure due to the
tuel injection can be detected with high accuracy.

The vehicle (not shown) 1s provided with various sensors
for vehicle control. For example, a crankshait 41 that 1s the
output shait of the engine 1s provided with a crank angle
sensor 42 (for example, an electromagnetic pick-up) for out-
putting a crank angle signal at intervals of a specified crank
angle (for example, at intervals of 30° CA) so as to detect the
rotational angle position and the rotation speed of the crank-
shaft 41. An accelerator pedal (not shown) 1s provided with an
accelerator sensor 44 for outputting an electric signal accord-
ing to the state (quantity of displacement) of the accelerator
pedal so as to detect the quantity of operation of the accelera-
tor pedal (stepped amount of the accelerator) by a driver.

The ECU 30 pertorms the engine control 1n this system.
The ECU 30 1s constructed of a well-known microcomputer
(not shown). The ECU 30 detects the operating state of the
engine and user’s request on the basis of the detection signal

of various sensors and operates various actuators such as the
injector 20 and the SCV 11c.

A microcomputer of the ECU 30 includes a central pro-
cessing unit (CPU), a random access memory (RAM), a read
only memory (ROM), an electrically erasable programmable
read-only memory (EEPROM), a backup RAM, and the like.
The ROM stores a various kind of programs for controlling
the engine, and the EEPROM stores a various kind of data
such as design date of the engine.

The ECU 30 computes a torque (required torque) which
should be generated on an output shaft (a crank shait 41) and
a Tuel injection quantity to obtain the required torque based on
the outputs from the sensors. The fuel 1njection quantity 1s
controlled so that an axial torque (output torque) which 1s
actually generated on the crank shaft 41 agrees with the
required torque.

That 1s, the ECU 30 computes the fuel injection quantity
according to an engine driving condition and the accelerator
operation amount. The ECU 30 outputs a fuel injection con-
trol signal to the injector 20. Hence, the output torque of the
engine 1s brought to the target torque.

Besides, 1n the diesel engine of steady operation, the intake
throttle valve 1s held at the approximate full open state in
order to increase fresh air quantity and reduce pumping loss.
Thus, the fuel injection quantity control 1s mainly performed.

Hereinafter, the basic procedure of the fuel injection con-
trol according to this embodiment will be described with
retference to FIGS. 3-7. The values of various parameters used

in these processings shown in FIGS. 3-6 are stored 1n the
storage devices such as the RAM, the EEPROM, or the
backup RAM mounted in the ECU 30 and are updated at any
time as required. The processings are performed based on
programs stored in the ROM.

The processing shown 1n FIG. 3 1s performed once per one
combustion cycle with respect to each cylinder. In step S11,
the computer reads specified parameters, such as the engine
speed measured by the crank angle sensor 42, the fuel pres-
sure detected by the fuel pressure sensor 20a, and the accel-
erator position detected by the accelerator sensor 44.

In step S12, the computer sets the 1mjection pattern based
on the parameters which are read 1n step S11. In a case of a
single 1mnjection, a target fuel mjection quantity (target fuel
injection time) 1s determined to generate the required torque
on the crankshaft 41. In a case of a multi-injection, a target
total fuel 1njection quantity (target fuel injection time) 1s
determined to generate the required torque. Based on the
injection pattern, a command value (command signal) to the
injector 20 1s determined. Thereby, a pilot-injection, a pre-
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injection, an after-injection, and a post-injection are con-
ducted as well as the main-injection according to the driving
condition of the vehicle.

The 1njection pattern 1s obtained based on a specified map
and a correction coetlicient stored 1n the ROM. Specifically,
an optimum injection pattern 1s obtained by an experiment
with respect to a range 1n which the specified parameters are
assumed. The optimum 1njection pattern 1s stored 1n an 1njec-
tion control map. The injection pattern 1s determined by
parameters such as a number of fuel injection per one com-
bustion cycle, a fuel injection timing and fuel injection period
of each fuel injection. The 1njection control map indicates a
relationship between the parameters and the optimum injec-
tion pattern.

The 1njection pattern 1s corrected by the correction coelli-
cient which 1s updated and stored 1n the EEPROM, and then
the 1jection pattern and the command signal to the injector
are obtained. The correction coelflicient 1s sequentially
updated during the engine operation.

The 1njection pattern may be determined based on maps
which are independently formed with respect to each element
of the injection pattern (for example, the number of fuel
injection). Alternatively, the mjection pattern may be deter-
mined based on a map which 1s formed with respect to some
clements.

Then, the procedure proceeds to step S13. In step S13, the
injector 20 1s controlled based on the command value (com-
mand signal). Then, the procedure 1s terminated.

The processing shown in FIG. 4 1s performed at a specified
cycle (for example, a computation cycle of the CPU) or at a
every specified crank angle. In the processing, the fuel pump
11 1s feedback controlled 1n such a manner that the fuel
quantity supplied to the injector 20 agrees with the target fuel
quantity. Besides, in this embodiment, the fuel quantity 1s a
parameter which 1s feedback controlled. Alternatively, the
fuel pressure (inlet pressure) can be a parameter which 1s
teedback controlled. The fuel pump 11 can be feedback con-
trolled so that the fuel pressure detected by the fuel pressure
sensor 20a agrees with a target value (pressure command
value).

In step S21, the computer reads specified parameters, such
as the engine speed measured by the crank angle sensor 42,
and the target fuel injection quantity (or target total tuel
injection quantity) computed 1n step S12. In step S22, the
computer sets a target fuel-supply quantity Firg based on the
parameters which are read 1n step S21. For example, the target
tuel-supply quantity Ftrg 1s obtained based on the engine
speed and the target fuel injection quantity by use of a speci-
fied map stored in the ROM. Specifically, an optimum fuel-
supply quantity 1s obtained by an experiment with respect to
a range in which the specified parameters (step S21) are
assumed. The optimum fuel-supply quantity 1s stored 1n a
tuel-supply quantity control map. The fuel-supply quantity
control map indicates a relationship between the parameters
and the optimum fuel-supply quantity.

In step S23, a total quantity of the tuel supplied to a plu-
rality of injectors 20 1s estimated. This estimated total quan-
tity of the fuel 1s referred to as a total fuel-supply estimated
quantity F, hereinafter. This total fuel-supply estimated quan-
tity F 1s a value computed by processings shown in FIGS. S to
9, which will be described later. When the pressure reducing
valve 12 1s not operated, or when the pressure reducing valve
12 1s not provided, the total tuel-supply quantity corresponds
to a pumping quantity of the tuel pump 11.

In step S24, the target fuel-supply quantity Ftrg set 1n step
S22 1s compared with the fuel-supply estimated quantity F
obtained 1n step S23. When the computer determines that the
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target quantity Firg 1s greater than the estimated quantity F,
the procedure proceeds to step S235 1n which fuel discharge
quantity of the fuel pump 11 1s increased. Specifically, a
difference between the estimated quantity F and the target
quantity Ftrg 1s computed. According to this difference, the
driving electric current applied to the SCV 11c¢ 1s adjusted so
that the estimated quantity F comes close to the target quan-
tity Ftrg by feedback control (for example, PID control).

When the computer determines that the estimated quantity
F 1s greater than the target quantity Ftrg, the procedure pro-
ceeds to step S26 1n which the pressure reducing valve 1256 1s
operated to reduce the pressure 1n the common-rail 12 so that
the inlet pressure of the mjectors 20 are decreased. Alterna-
tively, the injector 20 performs no-injection operation to
reduce the inlet pressure.

Specifically, a difference between the estimated quantity F
and the target quantity Ftrg 1s computed. According to this
difference, the operation period of the pressure reducing
valve 1256 or the no-1njection operation period 1s adjusted so
that the estimated quantity F comes close to the target quan-
tity Ftrg by feedback control (for example, PID control).
When the computer determines that the estimated quantity F
1s equal to the target quantity Ftrg, the procedure 1s termi-
nated.

The processings shown 1n FIGS. 5 to 7 are performed at a
specified cycle (for example, a computation cycle of the CPU)
or at a every specified crank angle 1n order to compute the
estimated quantity F. In the processes shown 1n FIGS. Sto 7,
the estimated quantity F 1s computed based on the inlet fuel
pressure detected by the fuel pressure sensor 20a provided to
the cylinder where no fuel 1injection 1s currently performed.
The vanation of the inlet fuel pressure of no-1njection cylin-
der 1s indicated by a solid line L3 in FIG. 8D. The processes
shown 1n FIGS. 5 to 7 can be performed with respect to each
of Tuel pressure sensors 20a. Alternatively, the processes can

be performed with respect to only a selected fuel pressure
sensor 20a.

Referring to FIGS. 8A to 8E, vanation wavelorms used for
above computation will be described 1n detail. F1G. 8 A shows
a transition of the injection command signal to the injector 20.
FIG. 8B shows a transition of the injection rate. FIG. 8C
shows a transition of the pressure of the 1njection cylinder,
which 1s detected by the pressure sensor 20a. F1G. 8D shows
a transition of the pressure of the non-1njection cylinder. FIG.
8E shows a pressure value corresponding to the pressure
variation component caused by the pumping of the fuel pump.

The pressure wavelorms shown by dashed lines .2 and L4
in FIGS. 8C and 8D show the transition of the fuel pressure
when the pressure variation component caused by the pump-
ing does not have an eflect (pressure variation component
caused by the pumping 1s zero). A variation wavelorm shown
by a solid line L1 1 FIG. 8C 1s a wavelorm 1n a situation
where the fuel 1njection by the 1njector 20 and the tuel pump-
ing by the fuel pump 11 are concurrently performed. The
wavelform shown by the line L1 1s obtained by synthesizing
the waveform shown by the line L2, which 1s a reducing
component of the detected pressure due to the tuel injection,
and an increasing component of the detected pressure due to
the pumping. The increasing component increases along with
the pressure varation component caused by the pumping.

The wavetorm shown by the line L3 1n FIG. 8D 1s the
wavelorm 1n a situation where the mjector 20 currently per-
forms no 1njection. Thus, this wavetorm indicates only an
increasing component which 1s generated by the pumping of
the tuel pump. FIG. 9A shows the waveform L3 1n detail,
During a fuel pumping period T, the detected pressure

10

15

20

25

30

35

40

45

50

55

60

65

8

increases, Before and after the fuel pumping period T, the
detected pressure 1s stable at substantially constant values.

The vanation 1n the fuel injection rate shown 1n FIG. 8B 1s
estimated based on the variation waveforms .1, .2 shown 1n
FIG. 8C. The estimated fuel injection rate 1s used for updating
the ijection control map which 1s used 1n step S11. Since the
wavelorms L1, L2 and the vanation in the fuel injection rate
has a relationship described below, the 1injection rate can be
estimated.

FIG. 5 15 a flowchart showing a fuel-supply quantity esti-
mation process by use of the wavetform L3. In step S350, the
computer detects a start time t1 and an end time t2 of the fuel
pumping period T. These detection processings are per-
formed by subroutines shown 1 FIGS. 6 and 7.

In step S70, the computer extracts a part of wavetorm L3,
which corresponds to a wavetorm from the start time t1 to the
end time t2. The waveform L3 1s drawn by use of the fuel
pressure which 1s detected at a small interval (for example, 20
usec) 1n step S31 of FIG. 6.

In FIG. 9A, a solid line L5 1s a virtual line which indicates
a situation where the detected pressure 1s maintained at a
stable pressure which 1s equal to the pressure before the fuel
pumping period T. In step S80 (estimating means), an area
surrounded by the extracted wavetorm and the virtual straight
line L5 1s computed, which 1s shaded 1n FIG. 9A. That 1s, the
detected pressure 1s integrated from the start time t1 to the end
time t2 with respect to the variation waveform L3.

The integration value computed 1n this way 1s equivalent to
the fuel-supply estimated quantity F. If the vanation wave-
form L3 1s a wavelorm obtained in the condition that leak has
not arisen in the fuel passage from the fuel pump 11 to the fuel
pressure sensor 20a by the operation of the pressure reducing
valve 125, the estimated quantity F 1s equivalent to the pump-
ing quantity of the fuel pump 11.

Next, referring to FIGS. 6 and 7, the subroutines for detect-
ing the start time t1 and the end time 12 will be described.

In step S51 (wavelorm obtaining means), the computer
obtains the pressure detected by the fuel pressure sensor 20a
which 1s currently provided to the no-1njection cylinder. This
detected pressure corresponds to the variation waveform L3.
The detected pressure 1s successively obtained at a short
interval 1n such a manner that the vanation wavetform L3 can
be drawn by the detected pressure. Specifically, the detected
pressure 1s successively obtained at an interval shorter than 50
usec (desirably 20 usec). The subroutine 1s repeatedly per-
formed at the above 1ntervals.

In step S52, the detected pressure obtained in step S51 1s
first-order ditferentiated. A solid line 1n FIG. 9B shows a
variation 1n the first-order difierential value. In step S53, the
computer determines whether a pumping flag 1s ON, that is,
whether 1t 1s 1n the fuel pumping period T. When the answer
1s NO 1n step S33, the procedure proceeds to steps S54 to S60
in which the start time t1 1s detected. When the answer1s YES
in step S53, the procedure proceeds to steps S61 to S63 shown
in FIG. 7 1n order to detect the end time t2.

In step S34, the computer determines whether the differ-
ential value obtained 1n step S52 1s within a range between
thresholds thl and th2 shown by dashed lines 1n FIG. 9B.
When the answer 1s YES 1n step S54, the procedure proceeds
to step S55 1n which the computer determines whether such a
condition has been continued for a specified time period Ta.
When the condition where the ditferential value 1s within the
range between the thresholds thl and th2 has been continued
for the specified time period Ta, the procedure proceeds to
step S56 1n which a stable flag 1s turned ON.

When the answer 1n NO 1n step S34, the procedure pro-
ceeds to step S57 in which the computer determines whether
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the stable tlag 1s ON. When the answer 1s YES 1n step S57, the
procedure proceeds to step S58 (pressure increase detecting
means ) 1n which the computer determines whether the differ-
ential value exceeds a first threshold. The first threshold 1s
needed to be set to a value which 1s greater than or equal to the
threshold th2. In this embodiment, the first threshold 1s set to
the threshold th2. When the computer determines that the
differential value exceeds the first threshold in step S38, the
procedure proceeds to step S59 (pressure increase detecting,
means) 1n which the fuel pump starts pumping and the com-
puter detects the pumping start time t1.

When the answer 1s YES 1n step 353, the procedure pro-
ceedsto step S611nFIG. 7. Instep S61 (end detecting means),
the computer determines whether the differential value
obtained 1n step S52 1s within a range of thresholds th3 and
thd shown by dashed lines in FIG. 9B. When the answer 1s
YES m step S61, the procedure proceeds to step S62 1n which
the computer determmes whether such a condition has con-
tinued for a specified time period Tp.

When the condition where the differential value 1s within
the range between the thresholds th3 and th4 has been con-
tinued for the specified time period T3, the procedure pro-
ceeds to step S63 (end detecting means). In step S63, the
computer detects a varying point of the differential value
betore the specified period TP and defines the varying point as
the pumping end time t2. At the varying point of the ditfer-
ential value, the differential value 1s less than the second
threshold. In this embodiment, the second threshold 1s set to
the threshold th4. In step S63, the pumping end 1s detected
and the pumping flag 1s tumed OFF.

According to the embodiment described above, following
advantages can be obtained.

(1) The detected pressure 1s successively obtained at a short
interval (desirably 20 usec) in such a manner that the variation
wavelorm L3 can be drawn by the detected pressure (S51).
The detected pressure 1s integrated from the pumping start
time t1 to the pumping end time t2 with respect to the varia-
tion wavelorm L3. The integrated value corresponds to the
tuel-supply estimated quantity F (S80). Since the fuel pump
11, the 1njector 20 and the pressure reducing valve 126 are
teedback controlled so that the estimated quantity F comes
close to the target quantity Ftrg, the fuel-supply quantity to
the 1njector 20 can be accurately controlled.

(2) Since the variation wavetform L3 1s used for estimating
the fuel quantity, the fuel-supply quantity can be accurately
estimated, compared with the case where the variation wave-
form L1 1s used. That 1s, 1n a case that the fuel quantity 1s
estimated by use of the wavetorm L1, it 1s necessary that the
variation waveform L2 1s subtracted from the variation wave-
form L1 to extract a pressure-increasing wavelorm compo-
nent, and the detected pressure i1s integrated to obtain the
tuel-supply estimated quantity F with respect to the extracted
waveform. On the other hand, since the variation waveform
[.3 does not include a pressure-reducing component caused
by the fuel injection, 1t 1s unnecessary to subtract the variation
wavelorm [L.4 from the variation wavetorm [.3. Therefore, the
tuel-supply quantity can be estimated accurately.

(3) In a case that the engine has only one cylinder, the
variation waveform L3 1s obtained from an outputs of a single
tuel pressure sensor 20a. The fuel-supply estimated quantity
F can no be obtained during the fuel mnjection. On the other
hand, 1n this embodiment, since the variation wavetorm L3 1s
obtained from outputs of a plurality of fuel pressure sensor
20a, the estimated quantity F can be computed continuously.

(4) In order to integrate the detected value with respect to
the variation waveform L3, 1t 1s necessary to detect the pump-
ing start time t1 and the pumping end time t2. In this embodi-
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ment, the variation point where the differential value of the
letected pressure exceeds the first threshold th2 1s defined as

C
the pumping start time t1, and the variation point where the
4

{

1fferential value of the detected pressure becomes less than
he second threshold th2 1s defined as the pumping end time
t2. Theretfore, the pumping start time t1 and the pumping end
time t2 can be easily detected.

Furthermore, the pumping start time t1 1s detected under a
condition that the differential value of the detected pressure
exceeds the first threshold immediately after the specified
time period Ta has elapsed, 1n which the differential value 1s
within the range between the thresholds thl and th2. The
pumping end time 12 1s detected under a condition that the
differential value of the detected pressure becomes less than
the second threshold right before the specified time period T
has elapsed, 1n which the differential value 1s within the range
between the thresholds th3 and thed. Therefore, a mere pul-
sation 1n the variation wavetform L3 1s not detected as the
variation point. The pumping start time t1 and the pumping
end time t2 are accurately detected so that the fuel-supply
quantity can be estimated with high accuracy.

Second Embodiment

In addition to the processings shown in FIGS. 3 to 7, a
correction process of the pump control shown 1 FIG. 10 1s
performed. The processing shown 1n FIG. 10 1s performed at
a specified cycle (for example, a computation cycle of the
CPU) or at a every specified crank angle. In step S31, the
tuel-supply estimated quantity F 1s obtained, which 1s com-
puted in step S80.

In step S32, a pump discharge quantity Fp from the outlet
11e of the high-pressure pump 11a 1s computed based on a
driving condition of the fuel pump 11. For example, a fuel-
supply quantity from the low-pressure pump 115 to the high-
pressure pump 11la 1s computed based on a driving current
supplied to the SCV 11c¢. The pump discharge quantity Fp 1s
computed based on this fuel-supply quantity, a plunger speed
of the high-pressure pump 11a and the like.

In step S33, the computer compares the estimated quantity
F with the pump discharge quantity Fp to determine whether
the estimated quantity F agrees with the pump discharge
quantity Fp. When the answer 1s NO 1n step S34, the proce-
dure proceeds to step S34 1n which the difference between the
quantity F and the quantity Fp 1s reflected to the fuel pump
control. Specifically, the driving current supplied to the SCV
11c 1s corrected according to the difference. According to the
above configuration, the fuel pump 11 1s controlled according
to the actual fuel-supply quantity, so that the pressure 1n the
common-rail 12 1s accurately controlled to be desired pres-
sure.

Third Embodiment

In addition to the processings shown in FIGS. 3 to 7, a
correction process of the pressure reducing valve control
shown 1n FIG. 11 1s performed. The processing shown 1in FI1G.
11 1s performed at a specified cycle (for example, a compu-
tation cycle of the CPU) or at a every specified crank angle, In
step S41, the fuel-supply estimated quantity F 1s obtained,
which 1s computed 1n step S80.

In step S42, the computer determines whether the pressure
reducing valve 125 1s opened at the time of pumping the fuel.
When the computer determines that the pressure reducing
valve 125 1s opened during the pumping (YES 1n step S42),
the procedure proceeds to step S43 in which the pressure
reducing valve 125 1s controlled 1n consideration of the fuel-
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supply estimated quantity F. Specifically, a valve opening
time of the pressure reducing valve 125 1s corrected according,
to the estimate quantity F. According to the above configura-
tion, the pressure reducing valve 125 1s controlled according
to the actual fuel-supply quantity, so that the pressure in the
common-rail 12 1s accurately controlled to be desired pres-
sure.

Fourth Embodiment

In the above embodiment, the area surrounded by the varia-
tion wavetform L3 and the virtual straight line L5 1s computed
by integration. In this embodiment, the variation waveform
.4 shown 1n FIGS. 8 and 9 1s stored as a prototype wavetorm.
The area surrounded by the prototype wavetform L4 and the
variation waveform L3 1s computed by integration, and the
integrated value 1s set as the fuel-supply estimated quantity F.
That 1s, the detected pressure 1s integrated from the start time
t1 to the end time t2 with respect to the variation wavetform in
which the prototype waveform L4 1s subtracted from the
variation waveform L3. It 1s desirable that the prototype
wavelorm L4 1s stored with respect to various condition, such
as the fuel pressure at the pumping start time t1.

As described above, the variation waveform .3 does not
include a pressure-reducing component which 1s arisen due to
the fuel mjection. However, strictly speaking, the fuel pres-
sure sensor 20a provided to the cylinder 1n which no fuel
injection 1s currently performed receives some efiects of the
pressure-reducing from the other cylinders 1n which the fuel

injection 1s performed. Thus, even 1n a case that no pumping
elfect exists, the tuel pressure 1s slightly varied as shown by
the dashed line L4 1n FIG. 9A.

On the other hand, according to this embodiment, since the
area surrounded by the prototype wavetorm L4 and the varia-
tion wavetorm L3 1s computed as the fuel-supply estimated
quantity F, the pressure increasing component in the variation
wavelorm L3 1s accurately extracted to be integrated. There-
fore, the accuracy of estimating the fuel-supply quantity can
be improved.

Fitth Embodiment

The fuel-supply quantity can be estimated by use of the
variation waveform L1.

Specifically, the variation waveform 1.2 shown 1n FIG. 8C
1s previously stored as a prototype wavetorm. The area sur-
rounded by the prototype wavetorm L2 and the vanation
wavetorm L1 1s computed by itegration, and the integrated
value 1s set as the tuel-supply estimated quantity F. That 1s, the
detected pressure 1s integrated from the start time t1 to the end
time t2 with respect to the varation waveform in which the
prototype wavelform L2 1s subtracted from the variation
wavelorm L1.

Sixth Embodiment

In the first embodiment, the pumping start time tl 1s
detected based on whether the first-order differential value of
the detected pressure exceeds the first threshold th2. In this
embodiment, the variation waveforms L2 and L4 (refer to
FIGS. 8 and 9) are previously stored as the prototype wave-
torms. The pumping start time t1 1s detected based on whether
the detected pressure obtained 1n step S31 exceeds the proto-
type wavelorms 1.2, .4 by a specified quantity. The pumping,
end time t2 1s detected based on whether the detected pressure
obtained in step S51 agrees with the prototype wavetorms 1.2,
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L4, or whether the detected pressure comes close to the pro-
totype wavetorms L2 L4 within a specified pressure range.

In the embodiment shown 1n FIGS. 8 A to 8E, since the fuel

injection 1s started after the tuel pumping by the tuel pump,
the pumping start time t1 can be detected by detecting a
variation point indicative of the increase 1n detected pressure
in the vanation wavetform L1. That 1s, the pumping start time
t1 can be detected based on whether the first-order differential
value of the detected pressure exceeds the first threshold th2.

On the other hand, 1n the example shown 1 FIG. 12, since
fuel 1njection 1s started before the fuel pumping, the rise of the
detected pressure due to the fuel pumping does not appear 1n
the variation wavetorm [.1. Thus, 1t 1s difficult to detect the
pumping start time t1 according to the detecting way of the
first embodiment. According to the present embodiment,
since the pumping start time t1 1s detected based on whether
the detected pressure obtained 1n step S51 exceeds the proto-
type wavelorm L2, the pumping start time t1 can be accu-
rately detected also 1n the example shown 1n FIG. 12,

Other Embodiment

The above-mentioned embodiments may be modified as
tollows. The present ivention 1s not limited to the above
described embodiment.

In the above embodiments, the variation in the detected
pressure during the fuel pumping period T, that 1s, the
variation waveform L3 1s detected by obtaining a plu-
rality of detected pressure. The vanation waveform L3
can be obtained by detecting the fuel pressure at the
pumping stat time t1 and the pumping end time t2. It 1s
unnecessary to detect the fuel pressure during the fuel
pumping period T. The vanation waveform L3 can be
deemed as a linear wavetform by which the fuel-supply
quantity can be estimated.

The target fuel injection quantity, which 1s injected through
the mjector 20, may be varied according to the fuel-
supply estimated quantity F. For example, the difference
between the target fuel-supply quantity Ftrg and the
tuel-supply estimated quantity F 1s computed, and the
target fuel 1njection quantity can be set according to the
difference.

A piezo-electrically driven injector may be used 1n place of
the electromagnetically driven injector shown in FIG. 2.
A Tuel 1njector not causing a pressure leak through the
leak hole 24, for example, a direct-acting injector not
using the o1l pressure chamber Cd so as to transmit a
driving power (for example, direct-acting piezoelectric
injector that has been developed 1n recent years) can be
also used. When the direct-acting injector 1s used, the
injection rate can be easily controlled.

The fuel pressure sensor can be arranged 1n the housing 20e
as indicated by a dashed line with reference numeral
200a 1n FIG. 2. The fuel pressure 1n the fuel passage 25
can be detected by the pressure sensor 200a.

In a case that the fuel pressure sensor 20a 1s arranged close
to the fuel inlet 22, the fuel pressure sensor 20a 1s easily
mounted. In a case that the fuel pressure sensor 200a 1s
arranged 1n the housing 20e, since the fuel pressure sensor 1s
close to the fuel injection port 20/, the variation 1n pressure at
the fuel 1njection port 20/ can be accurately detected.

The fuel pressure sensor 20a can be provided 1n the high
pressure piping 14. In this case, the fuel pressure sensor
20a 1s apart from the common-rail 12 by a specified
distance.

Moreover, between the common-rail 12 and the high pres-
sure piping 14, there 1s provided a flow rate restricting,
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means which restricts flow rate of the fuel which tlows
into the high pressure piping 14 from the common-rail
12. If an excessive fuel flows out due to a damage of the
high pressure piping 14 or the 1njector 20, the flow rate
restricting means closes the passage. The flow rate
restricting means includes a ball valve which closes the
passage when the excessive fuel flows out. A flow
damper having the orfice 12a and the flow rate restrict-
ing means can be employed.

The tuel pressure sensor 20a 1s provided downstream of the
orifice and the flow rate restricting means. Alternatively,
the fuel pressure sensor 20a can be provided down-
stream of one of the orifice and the flow rate restricting
means.

The number of the fuel pressure sensors 20a may be deter-
mined arbitrarily, and for example, two or more fuel
pressure sensors may be disposed for the fuel passage of
one cylinder. In the above-mentioned embodiments, the

fuel pressure sensor 20a 1s disposed for each cylinder.

However, the fuel pressure sensor can be disposed only

for a part of the cylinders (for example, one cylinder),
and the estimated value based on the output of the sensor
may be used for the other cylinders

A rail pressure sensor detecting a pressure 1n the common-
rail 12 can be further provided. With this, the fuel pres-
sure can be detected more accurately. The rail pressure
sensor can be used instead of the fuel pressure sensor
20a. The vanation waveforms can be obtained from the
fuel pressure detected by the rail pressure sensor.

The kind ofthe engine to be controlled and the construction
of the system can be changed as appropriate according to
the use or the like. The present invention can be applied,
for example, also to a gasoline engine of a spark 1gnition
type (in particular, direct injection type engine) in the
same way. The fuel injection system of a direct injection
type gasoline engine 1s provided with a delivery pipe for
storing fuel (gasoline) 1n a high-pressure state. The fuel
1s pressure-fed to this delivery pipe from the fuel pump,
and the high-pressure fuel in the delivery pipe 1s deliv-
ered to a plurality of the injector 20 and 1s 1injected to the
combustion chamber of the engine. In this system, the
delivery pipe corresponds to an accumulation container.
The apparatus and the system according to the present
invention can be used for the controlling of the fuel
injection pressure of not only the fuel imector for
directly injecting the fuel into the cylinder but also the
fuel injector for injecting the fuel nto an intake passage
or an exhaust passage of the engine.

What is claimed 1s:

1. A tuel-supply quantity estimating apparatus applied to a
tuel injection system 1ncluding a multi-cylinder internal com-
bustion engine, a fuel pump, a plurality of fuel 1njectors
respectively provided to each cylinder, and a tuel pressure
sensor detecting pressure of fuel supplied to the tuel injector,
the tuel-supply quantity estimating apparatus comprising:

a wavelorm obtaining unit for obtaiming a varation wave-
form of the pressure detected by the fuel pressure sensor;
and

an estimating unit for estimating a quantity of fuel supplied
to the fuel mjector based on a waveform of the detected
pressure that 1s greater than a reference value due to a
fuel pumping, 1n the variation waveform obtained by the
wavelorm obtaining unit, wherein

the fuel pressure sensor 1s provided to each of the fuel
injectors, and
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the estimating unit performs the estimation based on an out-
put of the fuel pressure sensor provided to the cylinder in
which no fuel mjection 1s currently performed.
2. A tuel-supply quantity estimating apparatus applied to a
fuel mjection system including a fuel pump, a fuel 1njector,
and a fuel pressure sensor detecting pressure of fuel supplied
to the fuel 1njector, the fuel-supply quantity estimating appa-
ratus comprising;
a wavelorm obtaiming unit for obtaining a variation wave-
form of the pressure detected by the fuel pressure sensor;

an estimating unit for estimating a quantity of fuel supplied
to the fuel 1njector based on a waveform of the detected
pressure that 1s greater than a reference value due to a
fuel pumping, 1n the variation waveform obtained by the
wavelorm obtaining unit, wherein the estimating unit
estimates the quantity of the fuel based on the wavetorm
which 1s obtained when no fuel 1s mnjected from the fuel
injector; and

a pressure increase detecting unit for detecting a first varia-

tion point where a first-order differential value of the
detected pressure exceeds a first threshold as a pressure
increasing start time of the detected pressure due to the
fuel pumping, wherein

the wavetorm after the first variation point 1n the variation

wavelorm 1s used for estimating the quantity of the fuel
supplied to the fuel injector.
3. A fuel-supply quantity estimating apparatus according,
to claim 2, wherein
the pressure increase detecting unit detects the variation
point which appears immediately after a specified time
period has elapsed 1 which a variation width of the
detected pressure 1s less than or equal to a specified value
as the pressure increasing start time.
4. A tuel-supply quantity estimating apparatus applied to a
tuel injection system including a fuel pump, a fuel 1injector,
and a fuel pressure sensor detecting pressure of fuel supplied
to the fuel 1njector, the fuel-supply quantity estimating appa-
ratus comprising;
a wavelorm obtaiming unit for obtaiming a variation wave-
form of the pressure detected by the fuel pressure sensor;

an estimating unit for estimating a quantity of fuel supplied
to the fuel 1injector based on a waveform of the detected
pressure that 1s greater than a reference value due to a
fuel pumping, 1n the variation waveform obtained by the
wavelorm obtaining unit, wherein the estimating unit
estimates the quantity of the fuel based on the wavetform
which 1s obtained when no fuel 1s mnjected from the fuel
injector; and

an end detecting unit for detecting a second variation point

where a first-order differential value of the detected
pressure 1s less than a second threshold as an end time of
the pressure increasing of the detected pressure due to
the tuel pumping, wherein

the waveform before the second varnation point in the

variation waveform is used for estimating the quantity of
the tuel supplied to the fuel 1njector.

5. A fuel-supply quantity estimating apparatus according
to claim 4, wherein

the end detecting unit detects the variation point which

appears right before a specified time period continues 1n
which a variation width of the detected pressure 1s less
than or equal to a specified value as the pressure increas-
ing end time.

6. A fuel-supply quantity estimating apparatus applied to a
tuel injection system including a fuel pump, a fuel 1injector,
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and a fuel pressure sensor detecting pressure of fuel supplied
to the fuel injector, the fuel-supply quantity estimating appa-
ratus comprising:

a wavelorm obtaining unit for obtaining a variation wave-
form of the pressure detected by the fuel pressure sensor;
and

an estimating unit for estimating a quantity of fuel supplied
to the fuel injector based on a wavelform of the detected
pressure that 1s greater than a reference value due to a
fuel pumping, 1n the variation waveform obtained by the
wavelorm obtaining unit; wherein

when no fuel 1s pumped from the fuel pump, the variation
wavetorm 1s previously stored as a prototype waveform
which 1s the reference value, and

a wavelorm deviating from the prototype wavetorm 1n the
variation waveform 1s used for estimating the quantity of
the fuel supplied to the fuel mnjector.

7. A fuel-supply quantity estimating apparatus applied to a
tuel injection system including a fuel pump, a fuel 1njector,
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and a fuel pressure sensor detecting pressure of fuel supplied
to the tuel injector, the fuel-supply quantity estimating appa-
ratus comprising:

a wavelorm obtaining unit for obtaining a variation wave-
form of the pressure detected by the fuel pressure sensor;
and

an estimating unit for estimating a quantity of fuel supplied
to the fuel imjector based on a waveform of the detected
pressure that 1s greater than a reference value due to a
fuel pumping, in the variation waveform obtained by the
wavelorm obtaining unit; wherein

when no fuel 1s pumped from the fuel pump, the variation
wavelorm 1s previously stored as a prototype wavetform
which 1s the reference value, and

the estimating unit computes an area which 1s obtained by
subtracting the prototype wavetorm from the variation
wavelorm, and estimates that the area corresponds to the
quantity of fuel supplied to the fuel mjector.
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